ABSTRACT: In Korea, mass mortality occurred among cultured shrimp with visible macroscopic white spots in 2000, and we confirmed the presence of white spot syndrome virus (WSSV) in the tissues of moribund shrimp by electron microscopy. In order to identify the characteristics of this Korean isolate of WSSV, we cloned and characterized its genomic DNA coding for VP24, VP26, and VP28. On the nucleotide level, VP24, VP26, and VP28 of the Korean isolate were found to be 100%, 100%, and 99% identical to those of Taiwan, Thailand and Chinese isolates, respectively. On the deduced amino-acid level, all 3 virion proteins showed 100% identity to those of the foreign isolates. The extent of sequence identity suggests that the Korean isolate originated from the same ancestor as the Taiwanese, Thai and Chinese isolates.
INTRODUCTION
Since the early 1990s, white spot syndrome virus (WSSV) has caused catastrophic multimillion-dollar crop losses in shrimp farms across Asia, including Taiwan, Thailand, Japan, the Philippines and India (Chou et al. 1995 , Mohan et al. 1998 , Magbanua et al. 2000 . This pathogen has rapidly spread to farmed and wild shrimp populations in the United States (Lightner 1996 , Nadala & Loh 1998 and Central and South America.
WSSV is an enveloped, ovoid virus with a rodshaped nucleocapsid with flat ends (Wang et al. 1995 , Wongteerasupaya et al. 1995 . Originally, WSSV was classified as an unassigned member of the Baculoviridae (Francki et al. 1991) . However, recent sequence analyses of WSSV genes showed no relatedness to known baculovirus proteins. For example, ribonucleotide reductases (RR1 and RR2) (van Hulten et al. 2000b ) and viral capsid proteins (VP26 and VP28) (van Hulten et al. 2000c ) of WSSV showed no homology to known baculovirus proteins or to other proteins in databases. In addition, the entire nucleotide sequence of the WSSV genome revealed that many of the predicted proteins have no homology with other viral or cellular genes (van Hulten et al. 2001 , Yang et al. 2001 . Based on these results and the unusually wide host range of WSSV (Flegel 1997) , it is proposed that WSSV might be a representative of a new virus family (van Hulten et al. 2000a) .
Since 1993, epizootics have occurred among cultured shrimp in Korea. In 1998, Park et al. observed the presence of enveloped rod-shaped virus particles in the infected tissues by electron microscopy. The authors described the virus as having combined characters of WSSV and a rod-shaped nuclear virus of Penaeus japonicus (RV-PJ) (Inouye et al. 1994) . These 2 viruses are now considered to be the same (Lightner 1996 
MATERIALS AND METHODS
Virus samples. The virus sample used in this study was obtained from moribund Penaeus chinensis shrimp cultured in Korea during epizootics in 2000. Infected tissue was homogenized in a TN buffer (20 mM Tris-HCl and 400 mM NaCl, pH 7.4). After centrifugation at 1700 × g for 10 min, the supernatant was treated with proteinase K (0.2 mg/ml) and sarcosyl (1%) at 45°C for 3 h, followed by phenol/chloroform extraction and ethyl alcohol precipitation. The genomic DNA in the pellet was dissolved in TE (10 mM Tris-HCl and 1 mM EDTA, pH 7.5) and used as a template for PCR.
Electron microscopy. Infected tissues of shrimp were fixed with 2.5% glutaraldehyde in a phosphate buffer (pH 7.2) at 4°C for 4 h, and post-fixed with 1% osmium tetroxide in a phosphate buffer (pH 7.2) at room temperature for 2 h. After post-fixation, cells were dehydrated in ethanol and embedded in Epon 812. Thin sections were cut with an ultramicrotome (LKB), stained with uranyl acetate and lead solution, and observed with a JEOL 1200 EX-2 electron microscope.
Polymerase chain reaction (PCR) of WSSV VP24, VP26, and VP28 genes. PCR was performed to amplify complete open reading frames (ORF) of 3 major virion proteins of WSSV, VP24, VP26, and VP28. Primers for PCR were designed from nucleotide sequences in the GenBank/EMBL databases of WSSV (AF228518 for VP24, AF173992 for VP26, and AF173993 for VP28). The PCR primers were as follows:
The template was genomic DNA from the infected tissues of Penaeus chinensis in Korea. The gene amplification reaction conditions were as follows: 1 cycle of 94°C for 5 min; 35 cycles of 92°C for 30 s, 60°C for 1 min, and 72°C for 1 min; and 1 cycle of 72°C for 5 min. The amplified PCR products were cloned into a pGEM-T vector (Promega), and sequencing was performed at the Immunomodulation Research Center, Korea, on an automatic DNA sequencer (Applied Biosystems) according to the dye terminator procedure, with forward and reverse primers and overlapping primers designed from the sequencing results. The DNA and the deduced amino acid sequences were compared with the GenBank/EMBL databases using BLAST.
RESULTS AND DISCUSSION
During the epizootics in 2000, gross mortality occurred among cultured shrimp on the western Korean coast. The moribund shrimps displayed visible macroscopic white spots in the carapace at the time of sampling. Electron microscopy of the infected tissues revealed the presence of ovoid virus particles 240 to 280 nm in length and 60 to 80 nm in width. These results suggested that the causative agent was WSSV. In order to confirm this, the ORFs of 3 major virion proteins of WSSV, VP24, VP26, and VP28 were amplified by PCR and the products were analyzed by agarose gel electrophoresis. The sizes of the PCR products were almost the same as those expected from the database sequences (i.e. about 627 bp for VP24 and 615 bp for VP26 and VP28).
The PCR products were cloned into pGEM-T vectors and sequenced. From the nucleotide sequences, deduced amino acid sequences were obtained. The VP24 ORF (GenBank accession number AF380840) of our product was 627 bases long and coded for a protein of 208 amino acids with a calculated MW of 23.15 kDa. The VP26 ORF (AF380841) was 615 nt in length and coded for a protein of 204 amino acids with a calculated MW of 22.16 kDa. The VP28 ORF (AF380842) was 615 nt in length and coded for 204 amino acids with a calculated MW of 22.14 kDa. Blast analysis of these sequences revealed high similarity with those of WSSV virion protein genes in the GenBank/EMBL databases provided from Thailand (van Hulten et al. 2000a,c) , China (Yang et al. 2001) and Taiwan. The nucleotide sequences of VP24 and VP26 of the Korean isolate were 100% identical to those from Taiwan, Thailand and China. In VP28, a C in the foreign isolates was replaced by T in the Korean isolate at Position 176 downstream of A (+) of the VP28 start codon. To rule out the possibility that this single nucleotide difference in the Korean isolate arose as an artifact during PCR amplification, 3 independently generated PCR products were sequenced and revealed the same 1 bp replacement. However, this change did not result in any amino acid changes. Thus all of the VP24, VP26 and VP28 amino acid sequences of the Korean WSSV isolate had 100% identity with those of the Taiwanese, Thai and Chinese isolates of WSSV.
Analysis of the nucleotide sequences of the DNA encoding viral capsid proteins, VP24, VP26, and VP28 of WSSV enabled us to establish that the Korean isolate was conspecific with the other isolates of WSSV studied. Thus, the Korean isolate may have been introduced into Korean shrimp farms via imported shrimp. This confirms a previous observation that there is little genetic variation in geographic isolates of WSSV from China, India, Thailand, and the USA (Lo et al. 1999) .
However, there are also reports that protein profiles (Wang et al. 2000) and restriction fragment length polymorphism (RFLP) (Nadala et al. 1998) were not identical for all the different geographical isolates. Moreover, analysis of the complete WSSV genome sequence suggests the possible presence of genetic heterogeneity (van Hulten et al. 2001) . Therefore it may be too soon to conclude that all WSSV geographical isolates are genetically identical, and it is possible that different types of WSSV will eventually be found in different organisms or in different regions outside Asia. 
